Background: This is a review of some of the non-pharmacotherapeutic interventions in travellers diarrhoea (TD) looking particularly at the role of pre and probiotics, the evidence behind water purification and the impact of advice given and its adherence by travellers. Method: A systematic review of the research completed under section using the listed key words and searched using the databases of Google Scholar, Journal of Travel Medicine, QxMD, ReadCube and The Knowledge Network. Results and conclusions: Travellers' diarrhoea and use of pre/probiotics: There is no significant evidence to suggest the benefit of using pre or probiotics to prevent or treat TD. A new second generation of B-GOS prebiotics shows some potential in preventing the incidence and symptoms of TD but lack high levels of graded evidence. Recent reports from the biotics industry suggest that a review of the above issues is being addressed and in the future more robust studies may be completed. The evidence behind water purification and diarrhoeal disease: Evidence suggests there is no direct correlation that water purification has an impact on diarrhoeal disease, although some studies underline the value of water purification. The use of bottled water is questioned as being unreliable due to the inconsistencies of microbiological safety. With new water purification products and methods being introduced a benefit could be found for publishing effectiveness against pathogen groups to improve comparison. Are travellers given good sanitary advice and do they follow it? The advice given to travellers by non-clinical sources is unregulated and not a statutory obligation of a reservation to travel. Within the clinical sector the advice provided and the outcomes of advice provision do not correlate with a reduction in TD as a variance can occur by travellers' changes and behaviours towards the advice given. Following recommended advice and consuming higher risks foods do not correspond directly with levels of reported TD, suggesting attitudes and practices deviate away from this advice when travelling.
Introduction
The review considers the evidence regarding the use of pre and probiotics; the evidence relating to the water purification and the impact on diarrhoeal disease; and the levels of advice given and travellers' adherence to this. Travellers' diarrhoea (TD) is effectively defined as at least three loose to watery stools in a 24 h period with or without one of more symptoms of abdominal cramps, fever, nausea, vomiting or blood in the stool. 1 
Background
This review considers the evidence of pre and probiotics, which is currently considered as inconclusive, 2 along with what is being considered to improve the quality of the reporting. The level of evidence behind water purification and diarrhoeal disease is reviewed to consider the level of impact on diarrhoeal disease. The review considers if the recommendation to consider purifying all water should also be extended to cover the purchase of bottled water in low-income countries.
The advice that is provided to travellers regarding the maintenance of personal hygiene is considered in the final part. Currently non-clinical staff such as travel agents and clinical health care professionals can provide information. The review looks at the published evidence of the quality of the evidence provided and then reviews the studies of travellers' adherence to the information.
The term prebiotic has been defined as a non-digestible food ingredient which beneficially affects the host by selectively stimulating the growth, activity or both of one of a limited number of bacterial species already resident in the gut. 3 Conversely, probiotics are defined within by the World Health Organisation (WHO) as 'live microorganisms which, when administered in adequate amounts, confer a health benefit on the host'. 4 They differ from prebiotics by resisting digestion in the upper part of the gastrointestinal tract and adhere and colonise the bowel to where they displace dangerous bacteria. 5 An early meta-analysis study concluded that probiotics reduced the risk of acute diarrhoea by 26% in adults. 6 A literature search for meta-analysis studies involving probiotics shows that 2 studies have been completed. The first concluded that most studies were of a poor quality, highlighting that the defined species of the probiotic agent were often not recorded along with the degree of bias degree of bias, and some trials had low patient compliance and differences in efficacy. 7 The second study also called for defined standards so that research can be made comparable. This study added that included into each study there should be a clear definition of healthy gut microbiota. 8 As most pre and probiotics are unlicensed as medicines, they are classed as food supplements. A 2015 meta-analysis study by CATMAT 9 concluded that the evidence base for the effectiveness of pre and probiotics was weak. The interpretation of the findings was made difficult by the difference in probiotic species, formulations and dosages along with methodological problems of variability in compliance and bias. Prebiotic evidence was also limited as the study designs often included different compounds, differing dosages and duration of treatments. In then 2017 study when only small benefits and low levels of evidence were recorded and without standardisation of the specific strains used and nomenclature then it was difficult to produce meaningful data for a meta-analysis that would stand scrutiny and extrapolation to global recommendations. 10 Research shows that a second generation of immunity boosting bifidobacterial-galacto-oligosaccharides (B-GOS) has been made to produce better functionality and selectivity. 11 This has led to the Mayo clinic providing a more accurate definition of prebiotics as 'non-digestible substance that act as food for the gut microbiota'.
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In trials B-GOS strongly inhibited the attachment and colonisation of the Gastro-intestinal pathogens Escherichia coli 13 and Salmonella typhii. 13, 14 A double, placebo-controlled study concluded that the B-GOS mixture group when compared to a placebo group reported a statistically significant (P < 0.05) reduction in reported diarrhoea. 15 Further research highlights that B-GOS prebiotics produce a significant reduction in TD (P = 0.004) in the protocol group that lasts 1 day. However the protection seemed to start after 7 days of treatment with B-GOS. 16 A development was considered in a 2013 17 study where pre and probiotics were combined into a single formulation (synbiotic) and then studied regarding the ability to reduce TD. This study produced a conclusion that the combination did not reduce the risk of developing TD, thus confirming the results of the single biotic studies.
In 2017, the probiotic industry started to address the deficits in the listing of strain specific organisms and increasing quality control procedures for all products prescribed for clinical conditions.
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Conclusion: From the evidence provided, existing examples of pre and probiotics continue not to produce significant evidence to suggest any effectiveness in preventing or treating TD with high levels of graded evidence. The second generation of B-GOS prebiotics shows some potential in preventing the incidence and symptoms of TD, but lacks trial data to compare results in a meta-analysis. The industry has plans to standardise the nomenclature of organisms and test trials that may allow future studies to grade the effectiveness in prevention of TD.
What is the Evidence Behind Water Purification and the Impacts on Diarrhoeal Diseases?
Water purification is suggested as the process of removing undesirable chemicals, biological contaminants, suspended solids and gases from water sources. To fully understand the evidence behind water purification and its impact on diarrhoea diseases, in relation to the traveller, requires a realisation that risks from water infection come from several routes including consumption of tap water, ingestion following swimming 19 ; packaged and bottled water (no differentiation between carbonated and still water reported) offered to high/middle class travellers daily, particularly low and lower-middle income countries. 20 A 2010 study 21 suggests that there is a correlation with a reduction in faecal-orally transmitted diseases due to better hygiene standards but this cannot be linked to water purification alone as the trial also included socioeconomic and sanitation improvements. The WHO 22 reports that contaminated drinking water is estimated to cause 502 000 diarrhoeal deaths each year. The majority of these (361 000) are children where water is taken from unprotected wells and springs or untreated surface water. This source of water is more relevant to the expedition group members or remote workers and not for tourists staying in local accommodation.
In 2015, a Cochrane database study 23 was completed of a review involving 84 000 patients. The research concluded that distribution of chlorine disinfection products for the home only (not resorts, which have more refined methods for water purification) reduced diarrhoea by a quarter and water filtration at home by about a half. In low-income countries, the distribution of plastic bottles with instructions to leave them in the sun for 6 hours provided a reduction to the contamination levels by a third. The study accepts that people use a variety of interventions to improve water quality in the home and that it was confined to low-income settings only. The 2017 WHO report 24 indicated that 71% of the global population had access to safely managed water (85% urban and 55% rural areas). To define safely managed water, the WHO uses 3 criteria namely, the facility should be accessible on premises; water should be available for at least 12 h per day; and water supplied should be free from faecal contamination. However, the estimates for water quality are only available for 45% of the global population suggesting that the levels of compliance are low in many developing countries. Annex 3 to this document highlights by country the levels of national drinking water estimates at basic level, providing a comparison reference point for travellers to that country and the expectation of water free from faecal contamination. As this is a guide showing improving trends in water quality, it is not specific to any category of traveller or their accommodation at the destination. The lack of reporting from some countries only acts as a guide, that tap water may require additional purification before consumption. Searching the listed databases found that no results were found relating to any interventional studies on clean water preventing diarrhoea or safe bottled water.
This suggests that diarrhoeal disease pathogens are not totally removed from public sourced water. Travellers to destinations reporting water purity levels <100% should be made aware of the level of risk of tap water and be recommended to use personal water purification systems, or rely on the perceived safety of purchased bottle water supplies. This confirms the International Society of Travel Medicine expert review, which recommended that tap water, should be considered as suspect for drinking even in hotels claiming adequate chlorination and filtration. 25 When considering the traveller, the choices of obtaining water include accessing local water supplies either as natural, treated (treated at point of consumption) or as a purified condition (pre-filled and packaged bottle water). Each one of these has its own limitations when considering the impact on diarrhoeal diseases.
To consider the evidence on water purification standards requires a primary understanding of how water purification standards are measured. The WHO 26 provides the international standards for drinking water, which include a list of known pathogens that can be transmitted through water and their relative health impacts. In the UK, this covered by the European Union Drinking Water Directive. 27 In the United States drinking water supplied to homes is regulated by the Environmental Protection Agency (EPA) using the Safe Drinking Water Act, 28 which sets the maximum contaminant levels and the treatment technique required.
As expected both sets of standards have maximum levels of contamination set at zero for domestic tap water. Therefore, the evidence suggests low levels of diarrhoeal disease in countries with these standards when compared to areas reporting lower levels of water purification, as suggested by the Cochrane analysis.
The reliance on bottled water being safe is currently a concern for some health care professionals. Bottled water standards in high-income countries are regulated as foods and standards are applied to the levels of contaminants, similar to that of tap water. An unpublished article surveying the anticipated attitudes of travellers towards their water source when travelling indicated 78% chose bottled water as the primary source. A database search showed reported studies of contaminated bottled/packaged water from the WHO regions (Table 1) . [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] A review of the reports (n = 14) showed that the WHO standard of reported E. coli coliforms was published in only four (28%) of the reviews with a range between 3.6% and 56.6% (WHO standard is 0%). Reports also identified other pathogens the most common being Pseudomonas (n = 7, 50%) and Enterococcus (n = 3, 21.4%). The presence of these pathogens does not form part of the WHO standard for drinking water. Of the 14 reports reviewed, two considered water from sachets to have a higher level of pathogens than bottled water and two reports considered water from public dispensers, which may have had pathogens introduced by other users and not from the supply. As the reports were undertaken without any standardised tests across them, no detailed analysis could be completed.
This raises the concern that travellers can make an incorrect assumption that bottled water has similar standards of contamination worldwide and these standards are at a level of high-income countries. Although the link to confirm that a substantial proportion of TD is associated with bottled water is not proven, the risk of consuming microbiologically unsafe water is higher in middle to low-income than high-income countries. When combined with higher consumption levels this may be considered as a risk, the levels of which would require further assessments.
As a link between contaminated water and diarrhoeal diseases has been established and bottled water has varying levels of contamination, the attention turns towards the evidence of water purification and the effectiveness between differing systems.
Backer describes that all international travellers should become familiar with and use simple methods to produce safe drinking water. This statement probably requires refinement to read to countries with a risk of safe drinking water, as a highincome country to a high-income country (e.g. UK to USA) is unlikely to have a variation in water quality.
The methods (and evidence) supporting these methods are scalable with each having their own benefits and limitations. 43 A database survey highlights the varying studies and the reported limitations that apply to some of these methods. [44] [45] [46] [47] [48] [49] [50] From the evidence found there are limitations to all of the techniques when compared to the benchmark of boiling. The link to reducing diarrhoeal diseases is subject not to just the system itself but also to other factors, therefore suggesting that water purification techniques may have some benefit on reducing the levels of diarrhoea but will not remove them totally.
A study published in the British Medical Journal (BMJ) concluded that the value of an intervention depends not only on effectiveness but also on other factors such as affordability, acceptability, sustainability and scalability. 51 These can be considered as real issues when low budget travellers are involved; the palatability of some preparations; the replacement costs or fuel sources and the differences between a solo traveller and an expedition group. Of the techniques available for water purification then boiling and cooling remains the most effective but is dependent on fuel sources being available. The cheapest is the use of a halogen (chorine) system, but these have an issue for the traveller determining the levels of water turbidity and they are less effective against Cryptosporidium, viruses and Protozoa. More expensive are the ultra-violet (UV) systems that are effective to all pathogens but are limited by the need for clear water to be available and the dependence on batteries or UV light source to deliver the correct dose of UV. Finally, are the ultrafiltration membranes that have replaced ceramic filters in many personal systems. These technologically advanced filters have a smaller pore size that claim to remove viruses. One filter in particular has been developed using Mechanically Advanced Disinfection (MAD) technology that incorporates electrohesion, where the pores are electrostatically charged to attract and hold the pathogens.
52 Special populations will require a more detailed knowledge of which method is most suitable for their circumstances. For example people ascending to altitude are advised not to use bottled water (unable to dispose of the plastic waste), boiling water and using filters is unreliable, reducing the choice to using halogen based systems.
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Conclusion: The evidence suggests there is no change to the current understanding that there is little evidence to suggest that water purification will have an impact on diarrhoeal disease. However the advice remains that all tap water should be selfpurified in countries identified as <100% in the at least basic group of the Annex 3 of WHO guidelines.
Bottled water should be used in lower-income countries as this is can be more purified than tap water, but some sources this may also have microbiological pathogens.
New (e.g. MAD filters) and existing products that offer water purification should display their effectiveness against pathogen groups (bacteria, viruses, protozoa) as published by EPA testing, to allow for an comparison of the effectiveness each method of purification.
Are Travellers given Good Sanitary Advice and do they Follow it?
A definition of travel advice can be taken from Foreign and Commonwealth Office of the UK, which states that the purpose of travel advice is to provide information and advice to help [British] nationals make their own informed decisions about foreign travel. 54 To consider the quality of the advice that can be given it is essential to understand the variation that can come between clinical and non-clinical sources. A European Community directive relating to Package Travel is interpreted as brochures must highlight by country which diseases are recommended or required to have a vaccination and where travellers should take preventative medicine. Under the directive the organiser or travel agent is liable and have a Duty of Care to advise them of the health risks and preventative measures. 55 An early review of travel advice published in travel brochures was published in 1998 and concluded that the brochures needed to provide better health advice in larger print and more prominently displayed. 
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Sri Lanka 97% of brands exceeded the permitted safety levels of bottled water. This study included analysis of faecal coliforms only Herath et al.
31
Nepal Only 17% brands of marketed bottle water were microbiologically safe Timilshina et al.
32
Eastern Mediterranean Iran A study raised concern with the levels of opportunistic pathogens found in public water coolers Farhadkhani et al.
33
Egypt Study indicated that bottled mineral water had levels of pathogenic bacteria and high levels of nitrates which may affect the health of the end user
Hassan et al.
34
Europe Bulgaria Drinking tap water was considered to be more appropriate than bottled water. This study identified and focussed on levels of P. aeruginosa found in bottled water only Vesela et al.
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Greece
The microbiological quality of bottled water showed that 13.95% were non-compliant with Greek water regulation
Venieri et al.
36
Americas Trinidad Conclusion that 5% of bottled water sold across all the islands was unfit for public consumption Bharat et al.
37
Mexico 5 gallon bottled bottle containers exceeded the maximum bacteriological limits and the quality of brands was variable. This variability would cause confusion for a traveller making a self-selection in the purchase of bottled water Robles et al.
38
Africa Ghana None of the microbiological indicators were found in bottled water. However, in sachets of water sold up to 22% of faecal coliforms and 5% of enterococci were detected
Obiri-Danso et al. Igbeneghu et al.
41
Ethiopia Ethiopian authorities found 66% of bottled water tested to have unacceptable levels of organisms Tafere et al.
The Association of British Travel Agents (ABTA) is the largest association representing travel agents and tour operators. ABTA has a code of conduct for its membership that includes a statement 'Members shall, before a contract is made, inform their Clients of health requirements that are compulsory for the journeys to be undertaken. Members must also advice Clients travelling abroad to check recommended practice with their general practitioner (GP), practice nurse or travel health clinic.' 57 The supporting guidance to this statement reads, 'Make sure that your clients are made aware of compulsory vaccinations etc. You should also advise clients to seek advice on recommended vaccinations and precautions from a health professional -either a GP, a practice nurse, a pharmacist or a travel health clinic. ' The inference of this advice is that travel operators have a responsibility to inform travellers of the need for compulsory vaccinations (e.g. Yellow Fever) and to seek advice. However, the advice from FitForTravel indicates that tour companies have no obligation to alert travellers to travel health risks, 58 highlighting the difference between a statutory requirement and a code of conduct in practice.
In the USA, the American Society of Travel Agents (ASTA) 59 provides support information to agents on travel topics but these are not mandatory under federal law to be passed to travellers. The Bureau for Consular Affairs indicates that travel agents are advised to follow the Travellers' Checklist for their clients when assessing needs before a trip. 60 The Canadian Association of Tour Operators 61 provides less information and links all travellers directly to government website. This website places the emphasis on the individual traveller to assess the advice required by using their own website. No reference for a referral to a specialist centre or practitioner.
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Similarly the Australian provides a government backed website advising on travel health and recommending a visit to a doctor to consider vaccinations etc. 63 Within the clinical sector the advice on travel follows the spectrum of detail across many health care professions. Magill reviews the quality of standards when considering Medical Tourism. He considered the most robust model to be accreditation, as this addresses the organisation rather than the individual practitioner. The author notes, however, that nowhere in the world is it made compulsory for the private sector to go through independent accreditation. 64 The need for expert advice was recorded in a study that related to travellers with special medical conditions. 65 This was followed by a Lancet article concluding that all travellers should leave the clinic with some written advice. 66 The advice to be given is again recommended, but should be recorded as part of a clinical consultation. The amount and quality of advice given will depend on the skill and formal travel health education of the clinician. A study of the advice given by travel consultants in Australia concluded that knowledge on topics such as food hygiene was adequate; in other areas it was inconsistent. 67 A more recent study addressed the question of advice was consistent by concluding that the majority of practitioners followed the recommendations with 78% of them giving a booklet with additional advice and 67% giving a link to a website. 68 The question of whether the advice given is good is subjective. One may argue that any advice given is of value to the extreme that is a contractual requisite to provide advice. The outcome of what can be considered as good cannot be measured by outcomes of TD, as this does account for travellers' behaviours altering during travel and non-adherence with guidance rules becomes invalid.
Therefore, receiving advice is not a factor in preventing TD. The quality of the information has not been measured; however, a study in 2014 concluded that the knowledge base of practitioners was higher in those that had completed the ISTM or ASTMH certificates. 69 From the evidence produced, the government agencies are directly advising travellers to consider vaccinations and educations required for travel, however not all signpost a traveller to seeking advice from a health care professional with specialist qualifications in travel health. Non-clinical sources such as travel agents are bound by industry guidelines to make travellers aware but this is not legally binding. To improve the information for the traveller all consultations at risk could be mandated to be referred to a specialist health care professional.
Sanitary Advice -Do they Follow it?
Since the studies in 2005 and 2006, there have been further publications relating to travellers behaviours and attitude changes when travelling.
A foremost study in 2005 by Shlim 70 sought to find evidence that personal hygiene precautions prevented travellers' diarrhoea. Across seven articles, over a 23-year period, the conclusion was that these studies failed to find any correlation between following the usual dietary precautions and a diminished risk to acquiring TD. It was concluded that most travellers encountered great difficulty in observing the rules of dietary restrictions and did not follow them.
The following year in Cuzco 71 it was concluded that 48% of participants reported they had fully complied with all dietary recommendations and of those who had not, 99% confirmed the consumption of at least one unsafe food or beverage. No correlation could be established between the consumption of unsafe food or beverage and the incidence of TD. In this study, it was reported that 94% of travellers had sought pre-travel advice and 86% of them received advice and intervention regarding safe foods and beverages. The study also concluded that excessive alcohol consumption increased risk taking behaviours. Hill et al. in 2008 reviewed how TD can be prevented in travellers and concluded that although personal contamination measures should reduce the risk, the incidence did not reduce as would have expected. They assumed that as travellers who practiced the risk reduction methods did not always have a lower level of TD, then key determining point were the sanitation levels at the destination. 72 As previously highlighted the expected reduction in TD and the relationship to sanitary advice is unexpected and skewed. Studies have highlighted that travellers behaviours change when travelling with a potential for increasing risks, as seen in the Cuzco study.
Following the study by Hill et al., more studies have started to investigate the relationship between the advice given to the traveller and the behavioural changes they demonstrate when travelling. Summarised in Table 2 are studies that highlight travellers (corporate, youth, VFRs) demonstrate a change in behaviours when travelling. The realisation that the change in behaviours may be of concern has not been fully quantified relating to the outcomes of TD. The suggestion is that regular changes in travellers' behaviours increases risk though mainly hygiene factors.
Conclusion
The advice given to travellers by non-clinical sources is unregulated and not a statutory obligation to the booking of a trip. The published information in some of the trip or tour details is highlighted as not being prominent enough for travellers to establish a need for risk consideration. Therefore, the travel industry although supportive of the need for correct risk assessment do not enforce this requirement to travellers. Within the clinical sector, the advice provided and the outcomes of advice provision do not correlate with a reduction in TD as a variance can occur by travellers' changes and behaviours towards the advice given.
Following recommended advice and consuming higher risks foods does not correspond directly with levels of reported TD. Evidence suggests that following the knowledge given at a risk assessment then the attitudes and practices deviate away from this advice when travelling resulting in one reason for continued level of TD in this traveller group. 
